Background: Hip fractures are associated with high morbidity. Pressure ulcer formation after hip surgery is often related to delayed patient mobilization. The objectives of this study were to determine whether time-to-surgery affects development of pressure ulcers postoperatively and, thus, length of hospital stay.
Introduction
Hip fractures occur frequently in the elderly. The global incidence of hip fractures in patients is expected to increase to about 6.3 million by the year 2050 [1] . Among all fracture types, fractures of the hip carry the most serious clinical consequences. Complications may arise from the fracture itself, the surgical procedure or medical comorbidities. Hip fractures are often associated with a poor functional outcome [2, 3] . Almost 45% of patients will suffer from new permanent ADL deficits after hip fracture [4, 5] and approximately 15% will require prolonged nursing home care [4, 6] . With the ageing population, the number of patients at risk for hip fractures are likely to increase. A significant number of patients with hip fractures are malnourished and all are bed bound in the perioperative phase. Development of pressure ulcers is one of the frequent complications of hip surgery associated with delayed patient mobilization [7, 8] . Patients with pressure ulcers following hip fractures require significantly more nursing care, lengthy hospital stay, increased hospital costs and are at higher risk of long term nursing home stay and utilize more health care resources following discharge compared to patients without pressure ulcers [9] . The aim of our study was to identify (modifiable) factors associated with the development of pressure ulcers after surgery for hip fractures and identify parameters related to prolonged hospital stay after surgery.
Patients and Methods
A retrospective analysis of all hip fracture patients treated in a level one trauma centre, recruiting all the fractures in the area was conducted. Patient and fracture characteristics were analyzed from the hospital records. These included age, sex, ASA (American Society of Anaesthesiologists) classification, type of fracture, date and time of admission, time-to-surgery (i.e., time between admission and operation), type and duration of surgery, type of anaesthesia, time to mobilization (i.e., time from surgery to first time out of bed) and duration of total and postoperative hospital stay. In addition, information regarding pre-existing medical conditions as well as postoperative complications was retrieved from the records. Associated medical comorbidities included hypertension (diagnosed as a systolic blood pressure >160 mmHg and/or use of antihypertensive medication), cardiac disease (i.e., coronary artery disease, congestive heart failure, valvular heart disease, and cardiac arrhythmias, diagnosed by the attending physician according to guidelines issued from the European Society of Cardiology), diabetes mellitus (fasting glucose level >7 mmol/l and/or use of antiglycemic medication/insulin) chronic obstructive pulmonary disease (diagnosed by the attending physician), stroke or transient ischemic attacks (as diagnosed by the attending physician), renal dysfunction (diagnosed by attending physician), and current or past malignancy (diagnosed by attending physician). Postoperative complications included myocardial infarction, congestive heart failure, pulmonary embolism, urinary tract infection, pneumonia, sepsis, stroke, dislocation of hip implant, wound infection, and bleeding requiring exploration.
The development of pressure ulcers was assessed by both attending physicians and nurses, according to EPUAP guidelines for pressure ulcers [10] . Skin lesions showing at least partial or total thickness skin loss involving epidermis, dermis or both (Grade II or higher according to EPUAP guidelines) were classified as pressure ulcers.
Exclusion criteria were age < 60 years, (multiple) high energy trauma (defined as a fall from higher than ground level, or road traffic accidents), initial conservative treatment, inter hospital transfer, presence of pressure ulcers at admission, pathological fractures and recurrent fractures. Between the 1 January 1995 and 31 July 2001, 1,048 patients with hip fractures were treated. Of these, 326 were excluded from the study by applying the above criteria.
Statistical Methods
Results were first analyzed by descriptive statistics. Differences between groups were assessed by the Chisquare test for dichotomous data and by Student's t test or the Mann-Whitney U test for continuous data. The influence of operative delay on postoperative outcome and the relation between pressure ulcer development and relevant risk factors were assessed using univariate logistic analyses. All variables that showed a trend towards association with operative delay or the development of pressure ulcers (i.e., a p value < 0.10) were entered as independent variables in a multivariate logistic regression model with pressure ulcers as the dependent outcome variable. A probability value of < 0.05 was considered statistically significant.
Results
In this study, 722 patients [551 (76.3%) women] with hip fractures were entered. The median age of the overall population was 82.2 years (76.9-87.5). A significant proportion of the cohort had co-morbid conditions at inclusion such as hypertension, cardiac disease, diabetes, COPD, stroke, end-stage renal disease or malignancy ( Table 1) . Out of the overall sample 43.2% (n = 312) was classified as ASA class III or IV.
Approximately 65% of patients (n = 467) sustained femoral neck fracture. The remaining 35% (n = 255) suffered fracture of the trochanteric region. The majority of patients (54%, n = 391) received total or hemi-arthroplasty. Femoral head preserving treatment was chosen in 46% (n = 331) of the cohort. In these, three cannulated screws were used for the treatment of femoral neck fractures and one gamma nail for the majority of (sub-and per-) trochanteric fractures after closed reduction of the fracture had been achieved. Sixty percent of all procedures were performed under spinal anaesthesia ( Table 2 ). The median (IQR) time of surgery was 60 (50-75) min. Approximately 70% of the total sample underwent surgery within 24 h from admission. One-third of the patients were operated within 12 h. The median (IQR) time-to-surgery was 19.3 (9.0-27.7) h. Cardiac co-morbidities and high ASA class were related to prolonged time-to-surgery (p < 0.05) whereas hypertension, diabetes and chronic obstructive pulmonary disease showed a trend towards association (p < 0.10) with longer time-to-surgery (Table 1) .
Postoperatively, a significant proportion of patients developed complications. Approximately 8% of patients died during admission. Infectious complications (19.5% urinary tract infections, 3.3% wound infections and 6.1% pneumonias) occurred in 29% (n = 209) of the patients. Approximately 30% (n = 214) of the overall sample developed a pressure ulcer during admission (Table 3) .
Patients with severe pre-operative co-morbidities, diabetes, end-stage renal disease, hypertension and cardiac co-morbidity, were more likely to develop pressure ulcers (OR = 4.70, 95% CI 3.3-6.6, p = 0.001; Table 4 ). Type of osteosynthesis, postoperative pneumonia, postoperative urinary tract infection, and postoperative hip dislocation were significantly related to the development of pressure ulcers (Table 4 ). The incidence of pressure ulcers was reduced with early postoperative mobilization (within 2 days from surgery) (OR = 1.46, 95% CI 1.1-2.0, p = 0.025; Table 4 ).
Time-to-surgery was a significant determinant of postoperative development of pressure ulcers. The (Table 4) .
Since major co-morbidities were related to both time-to-surgery and postoperative development of pressure ulcers, multivariate logistic regression models were constructed to study this relation. In the multivariate analysis, diabetes, postoperative urinary tract infection, postoperative hip dislocation, high ASA class and time-to-surgery >12 h, were confirmed as independent predictors of postoperative development of pressure ulcers (Table 5) .
Both time-to-surgery and the development of pressure ulcers were associated with prolonged postoperative length of hospital stay. The median (IQR) postoperative length of hospital stay was 19.5 (13.2-35.3) and 11.1 (6.6-17.2) days for patients with and without postoperative pressure ulcers, respectively (Mann-Whitney U test, p = 0.001). The median (IQR) length of postoperative hospital stay was 13.3 (7.6-22.3) and 11.3 (7.4-18.7) days in the late and early surgery group, respectively (Mann-Whitney U test, p = 0.050). Time-to-surgery was an independent predictor of postoperative development of pressure ulcers whilst the total length of hospital stay was related to both time-tosurgery and postoperative pressure ulcer development.
The reported occurrence of pressure ulcers in patients with hip fractures varies between 10% and 50% and depends on patient characteristics and the defining criteria [11] . The prevalence of pressure ulcers (grade I and II according to EPUAP) in a recently published series of elderly patients with hip fractures was approximated at 50% [12] .
Several authors studied the effect of surgical delay on postoperative complications, namely mortality, and length of hospital stay in patients with hip fractures. In general, small sample studies [13, 14] or studies with a retrospective design [15] [16] [17] demonstrated an association between time-to-surgery and mortality. This association has not been verified by recent prospective analyses [18, 19] . Nevertheless, early surgery may be beneficial in patients with good general health and a high pre-fracture level of activity [14, 20] . Early surgery may offer benefits in terms of shortened length of hospital stay [19, 21, 22] , which, in turn, may prevent postoperative complications [19, [23] [24] [25] . Delay in surgery may contribute to the development of pressure ulcers. Indeed recently, several authors demonstrated that surgical delay might be an independent predictor of pressure ulcer development [7, 9, 26, 27] . However, others refuted this [14, 16, 23, 28] . This could be related to the variation in the definition of early and late surgeries used by different authors. The cut-off point for delayed surgery varied between 12 h and 4 days, which might hamper comparison of different studies. Nevertheless, our data demonstrated that time-to-surgery is a The potential confounders hypertension, cardiac co-morbidity, end-stage renal disease, type of osteosynthesis, delayed commencement of mobilization (> 2 days), and postoperative pneumonia were excluded from the analysis significant determinant of pressure ulcer development, regardless of chosen cut-off point. However, in our patient group time-to-surgery was also related to major co-morbidities, probably reflecting the time needed to prepare these patients for surgery. By using multivariate logistic regression models, we demonstrated that time-to-surgery was independently associated with postoperative pressure ulcer development, as surgery after 12 h of admission was significantly related to pressure ulcer development. When patients with ASA class I/II or III/IV were analyzed separately, the association between time-to-surgery and pressure ulcer development persisted. Our data demonstrated that major co-morbidities (i.e., cardiac, pulmonary, renal) are a risk factor for development of pressure ulcers on their own right and suggested that prolonged waiting for surgery exposed these patients to an additional risk for postoperative pressure ulcer development. Therefore, high risk patients should be worked up for surgery as early as possible to avoid the additional risk associated with prolonged time-to-surgery per se.
In agreement with others [29, 30] , our data showed that development of pressure ulcers was significantly related to prolonged length of hospital stay. Therefore, prevention of surgical delay may decrease morbidity and shorten hospitalization for these patients. Considering the increasing age of the general population, and the increasing number of hip fractures in the near future [1, 31] , implementation of a fast track surgery protocol for patients with hip fractures might prevent complications and decrease hospitalization costs.
Using risk assessment scales, several attempts have been made to identify patients at risk for pressure ulcer development. In view of the complex nature of the process of pressure ulcer development, a great number of potential risk factors have been identified [32] and this has led to difficulties in developing a simple and reliable risk assessment model [33] . To reduce the incidence of pressure ulcers, patients at risk should be placed on low-pressure support systems from arrival at hospital until mobility is restored [8, 34, 35] However, the clinical and economic effect of these support systems has yet to be proven in properly designed clinical trials [36] . Nutrition plays an important role in the wound-healing process. Protein energy malnutrition is seen more often in elderly patients with hip fractures compared with age-matched control subjects [37] [38] [39] [40] . Protein malnutrition is an important determinant of pressure ulcers and infectious complications [33, 41] . Any intervention aimed at restoring protein and energy balances may result in reduced complication rates. Recently, Eneroth and colleagues [38] showed in a prospective randomized trial that protein and energy supplementation resulted in a significant decrease of infectious complications after hip fracture. It remains to be seen whether an identical intervention is efficacious in the prevention of postoperative pressure ulcer development.
There are some limitations to this study that should be considered. Obviously, the retrospective design of the study calls for caution in the interpretation of the results. However, the shear size of the analyzed cohort and the completeness of the clinical data support a likely association between delay in surgery and postoperative development of pressure ulcers. Our data showed that other comorbidities contributing to pressure ulcer development were also related to the study outcome. Although multivariate regression analyses identified prolonged time-to-surgery as an independent predictor for pressure ulcer development, it must be stressed that this statistical analysis can only adjust for those factors measured and included in the model. Time-to-surgery might be correlated closely to an unknown factor. If so, time-to-surgery would be an indirect predictor of pressure ulcer development instead of a direct, causal factor.
In conclusion, prevention of pressure ulcer development using simple measures such as reducing the time-to-surgery, nutritional support and low-pressure support systems should become the standard of care for patients admitted with hip fractures. Particularly high risk patients should be worked up for surgery as soon as possible to avoid the additional risk associated with prolonged time-to-surgery per se. Implementation of this policy could improve clinical outcome and reduce the overall costs in the treatment of hip fracture patients.
